ABSTRACT. This paper examines a specific segment of the housing markets from Central and Eastern European countries, namely the stock of flats in the urban area. With focus on Romania, we emphasize the improvements made by owners and authorities, aimed to enhance the quality of life and the maintenance of old blocks of flats; are highlighted some aspects regarding the cost of these improvements. In addition, the empirical section investigates whether and to what extent the improvements made to the flats and buildings have a significant effect on sale prices and rental prices. The marginal prices of these attributes are provided by hedonic pricing models, estimated in a generalized linear model framework; gamma and log-linear regression models perform in a similar way in terms of fit and prediction accuracy. The physical condition of the building and finishing works inside the flats, as variables of interest in our models, have a significant effect on sale and rental prices, but with different intensity. A common set of significant attributes, in the hedonic models for both sale and rental price, is suggested.
INTRODUCTION
Residential property accounts for a significant amount of homeowners' wealth, representing an important asset for most of them. In Europe, the value of properties ranges from 0.4 times the GDP in Poland to 1.78 times in France, as reported by Colleta (2013) . On the other hand, there is a strong correlation between the housing market, in particular the real estate prices index, and macroeconomics (Hepsen and Vatansever 2012) . Goodhart and Hofmann (2008) highlight the interdependence between housing cost dynamics and economic activity, bank credit, inflation, and the implications of house price fluctuations for monetary and public policies.
Following the pattern of other European economies in the last decade, the rapid development of real estate markets in Central and Eastern European (CEE) countries was accompanied by an upward trend in the housing prices, and the expansion of bank loans. Besides fundamentals, these movements in housing prices are related to factors specific to the transition towards a functioning market economy. Huynh-Olesen et al. (2013) found that the movements in residential property prices between 1999 and 2011 were driven by economic fundamentals such as disposable income and interest rates, transition-specific factors like fast credit growth and funding through remittances, and by construction costs.
In the context of real estate market growth, an accurate valuation of residential properties became more critical, taking account of some market specific features, such as: heterogeneity of properties, highly segmented market, infrequent trading of properties, depreciation and renovation of housing over time, durability, and high transaction costs. An accurate estimate of the value of a given property avoids arbitrary measurements and is relevant for valuation companies, valuators and public authorities. This is critical even more as real estate investments are sensitive to local trends. According to Fabozzi et al. (2010) real estate market is more localized then other markets, with information asymmetric and economic, demographic and geographic variables are to be taken into account (Abraham, Hendershott 1996; lamont, Stein 1999; Ghysels et al. 2007) . Special emphasis was placed on establishing some measures that account of changes in the value of residential properties over time. More than half of the national statistical offices use a hedonic approach to compute the quality-adjusted house price indices (Eurostat 2013) .
After 1990, the Romanian economy was heading from socialism towards a real market economy. The real estate market has grown exponentially, and evaluation of housing has become a very important issue. The empirical results concerning the effects of location and physical characteristics, and in particular of the improvements of flats and buildings on pricing, are useful for Romanian appraisals. Real estate characteristics that could influence the sell or rent decisions are the analysis criteria from the market approach and sales grid method, included in valuation approaches and agreed upon by professional institutions.
This paper focuses on a segment of the housing market, namely the stock of flats in the Romanian urban area. Our primary objective is to investigate, through the hedonic pricing models, the effect of improvements made over time to the old blocks of flats. To this end, we also highlight specific features of these improvements, and some statistics that broadly describe the housing stock from the Romanian real estate market. We applied the generalized linear models (GlM), which provide a useful framework for the estimation of the hedonic pricing models, in addition to the traditional loglinear model. The analysis includes spatial and physical characteristics of target residential properties, additional to the attributes related to the upgrading works carried out by public authorities and owners. We also tried to see whether the effect of refurbishment and modernization on price is at least as big as apartment costs of modernization. The empirical studies point out a large number of attributes that can have a significant effect on the value of residential property. Sirmans et al. (2005) provide a review of hedonic studies from the housing literature; the characteristics that often appear in hedonic pricing models fall under the following categories: structural attributes, internal attributes, external attributes, natural environmental attributes, neighbourhood and location, public services, selling factors and financing. Studies that use hedonic modelling for apartments sale price or rental price include, among others, Hoesli et al. (1997) , Berry et al. (2003) , Frew and Jud (2003) , Wilson and Frew (2007) , Kryvobokov and Wilhelmsson (2007) , Song and Wilhelmsson (2010) , Helbich et al. (2013) . Frew and Jud (2003) estimate the value of apartment buildings as a function of location, amenities and capitalization rate. Property prices significantly decrease with the increasing distance from the city centre. Wilson and Frew (2007) include, in a hedonic regression for rental price, a vector of flat attributes and a vector of distance variables. Kryvobokov and Wilhelmsson (2007) found that asking prices can be well explained by flat attributes and location attributes. Song and Wilhelmsson (2010) propose, in the hedonic regression for transaction prices, a large set of attributes: size of the flat, number of rooms, monthly property management fee, existence of an elevator and balcony, floor level, age of property, distance to the centre of the city, sub-markets (administrative parish), geographical position, neighbourhood attributes, and time dummies. Some other variables considered in the literature are air pollution, water pollution, noise, proximity to recreational sites or open-space, distance to CBD (central business district), crime rate, quality of schools and the availability of public transportation. Helbich et al. (2013) suggest that solar radiation is significantly capitalized into flat prices.
There is a limited number of studies which consider explicitly, in hedonic models, variables which characterise the overall physical condition of the building, thermal characteristics (as thermal insulation, heating system) and finishing level of flats. usually, the age of the property is considered a proxy for depreciation (Rehm et al. 2006) . Brouen and Kok (2011) estimate a hedonic regression for a large sample of residential dwellings from the Netherlands, considering, among other attributes, thermal and quality characteristics (central heating, insulation, exterior maintenance). As the empirical results suggest, these attributes have a positive effect on pricing: the existence of central heating increases transaction prices by 1.4%, while high-quality exterior maintenance of the property receives a price premium of 2.7%. Helbich et al. (2014) observe that an overall poor condition of dwellings leads to a drop in transaction prices of about 4%, whereas a poor heating system reduces the price by 10%, using housing data for Austria. The condition of the apartment (poor, moderate or good) is an intrinsic characteristic in the hedonic regression conducted by Herath et al. (2015) ; a better quality of an apartment has a significant positive impact on pricing. Bala et al. (2014) consider the type of heating system, insulation, quality index, energy source used for heating, dummy for renovated dwellings, in a hedonic regression for rental prices. The authors find that renovated and recently built dwellings along with dwellings with individual central heating have higher monthly rents. The studies of Rehm et al. (2006) , Wilhelmsson (2008) and Selim (2009) , among others, also include thermal or quality characteristics in hedonic modelling. The improvements made to blocks of flats increase their thermal performance.
Recent literature investigates the willingness to pay for energy efficiency. Brounen and Kok (2011) study the effects of energy performance certification on the transaction process in the Netherlands; the hedonic regressions suggest that dwellings with green energy labels receive an average price premium of about 3.6%. Fuerst et al. (2015) examine the capitalisation of energy efficiency into dwelling prices in England, and empirical results confirm a positive relationship between prices and the energy performance rating of a dwelling, finding significant positive premiums for dwellings rated A/B (5%) or C (1.8%) compared to dwellings rated D.
In the following, Section 2 examines some specific features of the Romanian residential property market, highlighting the improvements made to blocks of flats over time. Section 3 reviews the advances of econometric approaches to the hedonic pricing models and points out several issues which may support the usefulness of generalized linear models. In Section 4 we present two empirical research works, one for sale transactions and another for rental transactions, which measure the implicit marginal prices of modernisations made to blocks of flats. Section 5 provides the overall conclusions of our study.
ThE ROMANIAN RESIDENTIAL MARKET: SPECIFIC ISSUES AND STATISTICS

Specific features of residential properties
Similarly to other CEE countries, Romania inherits some stock of low-quality housing, consisting of blocks of flats that are undergoing a deterioration process (Palacin, Shelburne 2005) . Most owners are low-income earners who have frequently resorted to bank loans in order to improve the flat's physical condition. Some public programs for housing maintenance have also been initiated. This section provides an overview of the Romanian residential market, with focus on the housing stock features and prices.
In Romania, the number of conventional dwellings per 1,000 inhabitants reached a level of about 425, relative to about 8.5 million conventional housing units and to a stable population of slightly more than 20 million, as determined by the 2011 Population and Housing Census (national Institute of Statistics 2011). A large part of the population, i.e. 96.6% in 2012, lives in owner-occupied flats (Eurostat 2014) . The ownership ratio is generally high in Eastern European countries (86.8% in the new member states of the European union), following the privatization of the housing stock during the transition to a market economy. In Romania, as Pasztor and Peter (2009) point out, only few owners bought flats on the free housing market; many bought flats from the state, mostly in early 1990s, at a low price. Due to the high number of owners, the rental market is quite limited compared to rental markets in developed countries. The ratio of Romanians living in rented flats is rather small (3.4%), nearly ten times lower than in the Euro Area EA18.
The population who lives in flats accounts for about 37.8% of the total population, mostly in buildings with ten or more flats (34.2%); in large cities these proportions are higher. In recent years, the population living in flats has lightly dropped from 38.6% in 2007 to 37. 8% In what concerns the residential property market, more transparency in real estate is needed. We point out the scarcity of primary and official data for the real estate transactions and sale / rental prices. Several real estate brokers and appraisers have started to collect their own data; however, the details of many transactions are not publicly available. The national Agency for Cadastre and Land Registration publishes the monthly number of real estate transactions. According to these data, the number of transactions decreased in 2009 compared to 2008, and the following years recorded a slightly increasing trend, with percentages varying from one year to another, reaching a total of about 825 thousands transactions in 2013, which indicates a transaction rate of around 10% per dwelling. This rate is overestimated due to the content of the indicator transaction, which includes, besides sale and purchase operations, inheritance, donation and other operations that imply transfer of ownership. On the residential market, owners usually sell their property in order to buy another. Due to the high cost of utilities (especially electricity and gas), low-income householders were compelled to move into cheaper dwellings, as also pointed out by Palacin and Shelburne (2005) . In Romania, the mortgage rate is lower than in Central Europe; the residential mortgage debt to GDP ratio was of 6.6% in 2012 (European Mortgage Federation 2012). The First Home owner program launched by the Government in 2009, addressing young families in particular, was meant to incentivize the residential housing market.
Since 2009, the national Statistical Institute has been publishing a residential property price index. The data are collected from notary offices, and the price represents the value declared by both transacting parties. The recorded price is usually lower than the price actually paid, due to the fact that the transaction fee is price-dependent; a similar observation was noted by Kryvobokov and Wilhelmsson (2007) in relation to the ukrainian real estate market. The residential property prices index is estimated using a hedonic approach. The methodology of the national Statistical Institute uses the following characteristics of the property: location, year of construction, floor area, floor of the flat, land area, the presence of a garage, comfort level, heating type, type of finishing, state of maintenance. The price of flats fell by 28.4%, and that of houses by 19.6% in the third quarter of 2013 compared to 2009. Some information about the level and dynamics of the asking prices of flats is provided by the real estate website imobiliare.ro, one of the bestknown websites that collects advertisements posted by real estate agents and owners (Realmedia network 1999 (Realmedia network -2014 
Features of housing improvements
In Romania, the housing refurbishment and upgrading works were made mainly from public funds. Most blocks of flats built before 1990 offer a small living surface and low comfort. In response to the continuous degradation of the buildings, some rehabilitation programs were initiated, such as thermal (and acoustic) insulation of blocks. The main program is a national thermal rehabilitation program that was implemented for blocks of flats built between 1950 and 1990 1 . The objectives of the program were to reduce maintenance costs, including the cost of thermal energy, and to improve indoor comfort. Another path of modernization pursued by the public authorities in the last decade was to improve the physical state of buildings. According to the Romanian appraisers, this includes the building maintenance, sewerage system, exterior coating, and physical damages due to the old age of the building.
Other refurbishment and upgrading works were made by the owners. As regards the heating system, in recent years owners have started to disconnect from the district heating system, which uses coal and heavy fuel oil, and shifted to individual heating systems (individual boiler) using natural gas, which is less expensive. Around 1.55 million dwellings are connected to the district heating system (18% of the conventional housing stock), most of them flats (BPIE 2014) . To improve the comfort and utility of the living space, a large number of owners carried out some finishing works in their homes, consisting of repairing, maintenance, and alterations. These improvements range from replacing windows, installing individual heating, improving the plumbing, renovating to remodelling the flat, and are meant to enlarge the living space or reduce the cost of utilities.
In terms of refurbishment and upgrading costs, for the first level, namely thermal rehabilitation, the most relevant are the provisions related to the national program laid down by Government Ordinance (2009). This program was regulated by the Government Decision (2010) that took into account the cost standard for public investments. According to this act, the upgrading cost is of 55 Euro/m 2 for one or two-room flats, with a functional area from 37 to 52 m 2 . The second level of upgrading costs involves the physical condition of the block of flats itself. Technical references 2 for the year 2011 indicate a total cost of about 87 Euro/m 2 functional area, without VAT. The elements involved are the heating equipment, exterior finishing and interior (staircase) finishing. The third level of upgrading costs is related to the interior of the flat. According to the same catalogue cited for the modernization of blocks, the finishing works cost about 37 Euro/ m 2 functional area 3 , without VAT as an average for one or two-room flats.In the empirical section, we study the effect of thermal insulation, overall physical condition of the blocks of flats, and finishing works inside the flats on sale and rental prices, while drawing a comparison between the sale prices and the costs presented above.
ECONOMETRIC APPROAChES OF ThE hEDONIC PRICING MODEL
Hedonic regression has become the preferred method applied to estimate the marginal effect of an attribute on real estate pricing. The theory of hedonic prices was developed by Rosen (1974) , in a general framework of competitive market equilibrium, for the class of products described by a 2 According to the catalogue prices of Şchiopu (2011) and comparing the superior status with the normal status, the partial costs per modernization elements are expressed in Euro/m 2 , in 2011 prices (1 Euro = 4.28 lei): 11 for heating equipment, 63 for exterior finishing and 13 for interior (staircase) finishing; the calculus is the same for blocks with Ground floor + 4floors + Technical basement and respectively Ground floor+8floors+Technical basement; for interior (staircase) finishing for which the data is reported in the catalogue for the overall work, we made the calculation for a flat with an average area of 44 m 2 , and 4 flats per floor. 3 The catalogue for prices reflects the cost of the overall work, for one-room flats (with area of 36 m 2 ) and for two-room flats (52 m 2 ).
finite set of observable attributes; it is assumed that "goods are valued for their utility-bearing attributes or characteristics". In the residential housing market framework, the overall value of a property is assumed to be determined by a set of constitutive intrinsic attributes embedded into the property. The interaction between supply and demand determines the implicit marginal prices (marginal willingness to pay for each attribute).
The relation between property price P and the observable characteristics of the property
X is given by the hedonic price function f. Microeconomic theory gives little guidance in choosing a priori an appropriate functional form. Rosen (1974) observed that there is no theoretical reason for the hedonic function to be linear. Ekeland et al. (2004) conclude that the hedonic model is generically nonlinear, and the linearization strategies, made to simplify the estimation, can generate identification issues. The log-linear functional form is the most commonly used specification in hedonic housing price models; this approach is based on the assumption that the distribution of prices is close to a log-normal distribution. The log-transformation is applied in order to bring the distribution closer to normality, and to stabilize the error term variance, therefore to reach the assumptions of the classical linear regression model. Econometric tools applied to estimate the hedonic model should take into account the statistical properties of the data. The real estate reporting takes into account the fact that the house price distributions are generally positively skewed, as long as the median price is typically used as a measure of central tendency (Eurostat 2013) . Some recent papers use a quantile hedonic regression approach. Zietz et al. (2008) , among others, use the quantile regression methodology to estimate the marginal contribution of house attributes to pricing, for different points in the distribution of prices. On the other hand, homoscedasticity is one of the most restrictive assumptions of the traditional least squares approach (OlS), used to estimate the linear/ log-linear hedonic price model. When the variance of the error term depends on the property attributes in a systematic way, the OLS estimation leads to biased estimated standard errors and therefore to biased inference on the coefficients. Among the causes of heteroscedasticity in hedonic models, the literature highlights the age of the property, living area (Stevenson 2004) , spatial heterogeneity (Helbich et al. 2014 ).
In the context of non-normality distribution of prices and heteroscedasticity issues, the generalized linear model framework is useful to estimate the hedonic equation (McCulloch, Searle 2001 
where: k is the number of explanatory variables. The response variable Y follows a distribution that belongs to the large class of exponential family distributions 4 . Specification of a GlM model requires an appropriate distribution for dependent variable, and a link function. In the empirical section, we draw a comparative analysis across the GlM models, under some common assumptions on the price distribution, as log-normal, Gamma, and inverse Gaussian distributions.
The robustness of empirical results is investigated from several points of view: a) for dependent variable were considered alternative distributions respectively log-normal, Gamma and inverse Gaussian, b) some misspecification issues are addressed, namely the multicollinearity and omitted variables, c) the White's heteroscedasticity-consistent estimator is used, to take account of a possible heteroscedasticity in data.
EMPIRICAL RESULTS FOR SALE PRICES AND RENTAL PRICES
Flat attributes and data set
The data set was collected from several real estate agents in September-December 2011, and then in the same period of 2012, and covers the sale and rent transaction prices, along with the structural attributes of the flats; the sample size for reported regressions is of 483 sale transactions and 468 rental transactions. On the Romanian market, sale and rental transactions are recorded mainly by real estate agents, such as real estate brokers and appraisal practitioners who maintain such databases. The data were collected by means of interviews with real estate agents who made the sale and rent offers public, and revealed the final transaction prices. We included in the sample flats with one and two rooms, since the transactions involving these types of flats are the most frequent.
The hedonic models estimated in our paper incorporate two spatial flat attributes, in order to take account of the regional and locational price differences. The data set comes from four large cities, namely Cluj-Napoca, Iasi, Timisoara, and Arad, which are representative for three regions of the country: north-East, West and north-West 5 . The first three cities mentioned are the largest in the country, after Bucharest -the capital of Romania 6 . The second characteristic is the location of the flat inside the city. This variable is defined by four categories: central district, intermediate district, urban periphery district (town adjacent district or city vicinity), and suburban area. The classification into these categories takes account of the address available in the database for each flat, and then we resorted to the evaluation reports used by the National Chamber of the Public notaries 7 .
Our main goal is to quantify the implicit marginal prices for the improvements made to flats and buildings. To this end we focus on the improvement attributes: thermal insulation of the building, overall physical condition of the building, heating system, and finishing works into the flat. Thermal insulation means insulation of the building's external walls, replacement of exterior windows and doors, and roof waterproofing. The categories for the physical condition of the building 5 Romania is divided into 8 development regions, units with no legal personality, established in 1998 by the Romanian association of County Councils, for regional development coordination purposes. 6 The population of the four cities, according to the 2011 Census: 324576 inhabitants in Cluj-napoca, 319279 in Timisoara, 290422 in Iasi, and 159074 in Arad (National Institute of Statistics 2011). These cities, and therefore the collection of data used in the paper, were part of a pilot study conducted within a European Social Fund project/The Sectorial Operational Programme for Human Resources Development 2007-2013, designed to investigate the economic environment of businesses, and assets valuation practices in Romania. 7 These reports cover the large cities of Romania and show some guidelines on property sale prices, according to their intended use (residential, industrial, commercial and office space) and type (flat, house, land), using maps to delimitate the four zones which derive from the location established in urban planning zoning; we used the reports for December 2013 and for the category of flats with a floor area between 40 and 70 m 2 . Their main purpose is to support the National Chamber of the Public notaries to compute the taxable revenue resulting from the transfer of real estate. Information sources include databases developed by appraisers, professional guidebooks edited by valuation institutions, newspaper advertisements, specialized websites and real estate agencies.
are very good -the maintenance works, current repairs and overhauls were completed in a timely manner, good -maintenance and current repairs were completed on time and on acceptable terms, but no overhauls have been performed, respectively unsatisfactory -some maintenance works were performed, but current and capital repair works were neglected. For the heating system we devised the following categories: individual heating (individual boiler) and district (central) heating.
The modernisation features usually added by the owner are included as an attribute named finishing works, falling within three categories: demi-finishing, medium-finishing, and superiorfinishing. The demi-finishing status (lower-finishing or unfinished) is usually viewed by Romanian valuators as a descriptor for old blocks of flats, built before 1990 and which need some finishing works to convert the flat into medium-finished. Demi-finishing level can be broadly described by: floor covered with parquet flooring or carpet, walls painted in lime or washable paint, double glazing or wooden windows, wood (sometimes metal) entry door, wooden interior doors, connections to utilities, sanitary ware and lighting installed (but average-lower quality), with or without individual central heating, exterior finishes of the block 8 .
Other characteristics of the flat are included as control variables. Controlling for the impact of other attributes is important in order to measure as accurately as possible the effect of improvements made to the flat/ block on pricing. The hedonic real estate literature highlights a large number of housing characteristics to explain the variation in sale and rental prices. Taking into account these studies and the Romanian appraisal practice, we consider a set of flat attributes, in addition to the improvement attributes, that could aid in explaining the differences in the value of flats: location within the city, number of rooms, floor area, year of construction, existence of a garage, existence of an elevator, type of flat (detached, non-detached 9 ), number of building floors, floor where the flat is located, existence of a balcony, year of transaction. Table 1 describes 8 The other two levels of finishing refer to the same items, but of superior quality. As an example, for medium-finishing status, the floor is covered with good quality parquet flooring or carpet, and for superiorfinishing, the floor is covered with superior quality flooring. 9 A detached flat is composed by several rooms each of them having direct access to a hall; when one or several rooms communicate(s) with another room, the flat is non-detached or demi-detached.
the variables included in the hedonic models for the sale price, respectively rental price.
In this section we present two hedonic analyses, one for sale transactions and another for rental transactions. We used a sample of flats located in the four cities mentioned above, being aware, however, of the potential differences between regions (cities) and submarkets within the city, in terms of contribution of the various attributes to the price and rent. Blackley et al. (1986) , among others, found empirical evidence of the heterogeneity of prices; property value varies across metropolitan areas and time periods. Mixing data for several important Romanian cities into a single sample provides the framework for studying the inter-city housing market price differences, for a standardized dwelling (flat with one or two rooms). On the other hand, the existence of spatial housing submarkets inside the city is explained by Jones (2002) by means of factors such as search costs, transaction costs, imperfect information and inelastic supply. We take into account the existence of potential submarkets within the city by location variable (street allocation to a specific price area, according to notaries' reports).
For the hedonic model we consider the following three specifications: S1-normal distribution with identity link for natural logarithm of prices (this is the traditional log-linear model), S2-Gamma distribution with log link, and S3-inverse Gaussian distribution with log link. In a GlM framework, the models are fitted to data using the method of maximum likelihood 10 . We mention that for a Gamma distribution the standard deviation increases linearly with the mean, and for inverse Gaussian distribution the variance is proportional with the third power of the mean. Both distributions allow for the variance of price to increase when the price increases. As there is a strong association between the floor area and the number of rooms, only one of these attributes is included in the models; the estimated models designated as M1, M2, M3 in Table 2 and Table 3 , include the number of rooms, whereas M4 and M5 consider the floor area. Table 1 summarizes the sample structure, the average price recorded for each attribute and category and also the results from the analysis of variance (ANOVA) method. For the entire sample, the average sale price is of 40590 Euros, with a standard deviation of 12834 Euros. The distribution of prices has a positive skew and is platykurtic. Two-room flats (71.2%), with an average floor area of 52 m 2 , prevail; for one-room flats the average floor area is about 36 m 2 . Most transactions seemed to occur in the three largest cities, respectively Cluj (27.5%), Iasi (25.3%) and Timisoara (31.7%). A large part of the flats are located in blocks with less than 5 floors, built before 1990, and without elevators.
Empirical results for sale prices
The attributes measuring the improvements made to the flat or building are encoded as Thermal, Heating, Finishing, and physical conditions as PhCond. A large part of the blocks were built before 1990, but their average price does not seem to be significantly lower than that of newer flats, revealing potential improvements to the old blocks. About 80% of the flats have undergone interior finishing works, 23.4% being superior-finished and 56.3% medium-finished. Examining the modernisation features of the blocks, namely physical condition and thermal insulation, it can be noted that a large number of the flats are in good or very good state in terms of overall physical condition; 59% of the blocks were included in thermal rehabilitation programs. The values for the variable heating system confirm our preliminary descriptions concerning the prevalence of flat owners who decided to quit the district heating in favour of individual boilers. We mention that these statistics are drawn from our sample, without being generalised to the entire market. The data indicates, however, that some efforts were made during the last two decades on the housing market to improve the physical state and comfort of blocks of flats.
As a preliminary analysis, we examined each attribute separately and computed the F-test from AnOVA, presenting the results in Table  1 . The null hypothesis that the average prices are equal across the groups is rejected for all improvement attributes, except for thermal insulation, which is borderline rejected (p-value = 0.011). Therefore the average price seems to vary across the categories, for the physical condition of the building, degree of finishing, and heating system. As regards the control attributes, the null hypothesis is rejected for the age of the building (before/after 1990) and year of transaction, and borderline rejected for the number of floors in the building, flat floor, existence of an elevator. The transaction dates cover the period from late 2011 to 2012, during which the market prices remained relatively stable, therefore we expected this conclusion for the year of transaction. upon examination of the F statistic, the city does not seem to hold a very high explanatory power for the price; as the descriptive statistics suggest, except for Arad where the average price is significantly lower, the average prices for the other three large cities are comparable to each other.
The entire sample (sample size is 483 transactions) will be used to estimate the hedonic pricing models. Table 2 contains the variables with significant effect on the sale price, for each of the five models, which were estimated using the maximum likelihood method. A backward selection approach has been applied. All attributes were included in the model, then the attribute with the highest pvalue was removed, and the new specification was estimated, and these steps were repeated until all coefficients had a p-value lower than 0.1 11 . For the Finishing variable, the coefficient of dummy associated to medium finishing is not significant, therefore this variable has been redefined as a dummy with two categories Finishing2, as shown in Table 1 . In a similar manner, the variable Floor was redefined as Floor2; there is no significant difference between the prices of flats located on the top floor compared to the ground floor. Also, due to few flats being sold in the central area, for some cities, the central district and intermediate district locations are compressed into a single category.
An overall goodness-of-fit is indicated by the likelihood ratio test. The Wald chi-square test is applied to test the statistical significance of each coefficient. The empirical results seem to be consistent with different specifications for GlM; generally the same explanatory variables were retained as having significant coefficients. Estimates obtained for marginal effects in Gamma-log M2 and inverse Gaussian-log M3 are close to those provided by the traditional hedonic log-linear M1 model. In the framework of maximum likelihood method, the coefficient
, where 1 D is the residual deviance for the estimated model and 0 D the residual deviance for the model including only the intercept, measures the proportion of the null deviance accounted for by the model (Fox 2008) . These coefficients suggest a medium goodness-of-fit for our models; a similar value of this coefficient is obtained for traditional log-linear model 12 . To compare the (in-sample) performance of the three models, we also considered the differences between observed and predicted prices, and computed the mean absolute error MAE 13 . This measure suggests that Gamma-log model M2 provides a slightly better agreement between observed and predicted prices than M1 and M3. The Akaike information criterion (AIC) 14 , R-square and MAE usually suggest that the Gamma-log model performs better than the inverse Gaussian-log model, in terms of goodness-of-fit and prediction accuracy. Examining the estimated coefficients from Table 2 , where are indicated exp( ) β , the attributes have the expected signs. The percentage effect of an attribute over the price is given by [(exp( ) 1] 100 β − ⋅
. As regards our primary goal, to measure the effect of the improvement attributes 12 We mention that the traditional R-square coefficient, computed for the log-linear model estimated by OlS has the same values, respectively R2 = 0,54 for M1 and R2 = 0.61 for M4, when the same regressors, as in Table 3 , are included. 13 Willmott and Matsuura (2005) suggest that MAE is better suited than the Root Mean Squared Error to measure the model performance. 14 The AIC cannot be used to compare M2 and M3 models with the traditional log-linear model M1, as long as in the log-linear model the prices were transformed, being thus on different scales.
on pricing, the physical condition of the building and the finishing variables have a significant effect on the price in all specifications. As the log-linear model seems to perform slightly better, in terms of R-square coefficient, we look at the implicit marginal prices provided by M1. Thus, the prices of flats located in buildings that are classified as good and very good are higher by 7.8% and by 15.4% respectively than the prices of flats from buildings with unsatisfactory technical conditions. The finishing works inside the flat determines price increases of 10%. These findings are in line with the empirical results from other studies. The market prices of flats and houses in which changes and renovations were undertaken appear to be higher (Portnov et al. 2005; Kryvobokov, Wilhelmsson 2007; Sipos, Crivii 2008; Herath et al. 2015) . The marginal effect of the heating system is borderline significant. There is a willingness to pay a price approximately 6% higher for the existence of an individual boiler heating system. The thermal insulation dummy does not have a significant coefficient, but this characteristic may be viewed as embedded into the physical condition of the building. If the physical condition of the building is not included in the model, the Thermal variable has a significant effect on pricing, at 5% significance level (Wald test = 4.15; p-value = 0.04). The chi-square test supports this remark, a significant degree of association being observed between the PhCond and Thermal variables (chi-square statistic = 168.0 and p-value = 0.00; the contingency coefficient = 0.51).
On the other hand, as expected, the number of rooms has the highest explanatory power. The price of two-room flats is 44 % higher than the price of one-room flats. location inside the city also has a significant effect on pricing. The flats from blocks located in the central district, intermediate district and urban periphery district areas have a significantly higher price than those from suburban areas, by 19% and 27% respectively. If we compare the prices in the four cities, we find, as expected, significantly lower prices in Arad (by about 25%) than in Cluj-Napoca. For Iasi and Timisoara, the conclusion is not so clear, as there seems to be no significant differences in prices compared to Cluj-napoca; in these two cities the price does not appear to be significantly different, as also suggested by the Student t-test for equality of two means (t = 0.18; p-value = 0.85). The coefficients of corresponding dummy variables seem to be insignificant in some specifications; therefore, they must be interpreted with caution. Generally the coefficients for dummies for cities should be only interpreted as indicative, due to the small sample of transactions from each city. The other structural characteristics, namely the existence of a balcony and a garage, detached flats, have a positive effect on the price. Flats located in high blocks (more than 5 floors) seem to be more expensive than those from blocks with fewer floors. The four-floor blocks are generally old buildings; therefore, this attribute may incorporate partial information about the age of the building.
We conducted a similar empirical analysis for hedonic regressions, considering the floor area instead of the number of rooms. A backward selection approach was applied for the same specifications as above (S1-normal distribution with identity link for logarithm of prices, S2-Gamma distribution with log link, and S3-inverse Gaussian distribution with log link). Table 2 reports the results for the log-linear model denoted by M4 and for the Gamma-log denoted by M5. For inverse Gaussian specifications, not reported here, we obtained a lower value for R-square and a higher value for MAE, than for M4 and M5. In terms of fit and prediction accuracy the Gamma-log model (M5) performs slightly better than the log-linear model (M4). We can see that the floor area has a positive and high significant effect on pricing; one additional square meter raises the flat's price by 1.8%, as long as the other attributes are the same. The physical condition of the building and finishing variable have a significant impact on the sale price, and the estimated coefficients are close to those obtained from models which include the number of rooms as an explanatory variable. If the physical condition of the building is removed from the models, the thermal insulation becomes a significant attribute for the sale price (Wald test = 9.07; p-value = 0.00), therefore the overall physical condition variable seems to capture the effect of thermal insulation. The other structural characteristics, with positive effect on pricing are: existence of a balcony, floor number, detached flats, and existence of an elevator.
Therefore, the physical condition of building and the finishing works into the flat have a significant effect on sale prices for all distributions considered for sale price (log-normal, Gamma, inverse Gaussian); our results are robust to the distribution of sale price. On the other hand, the multicollinearity is often an issue in regression models. The Variance Inflation Scores (VIF), a measure usually used for detecting the presence of multicollinearity, not exceeds 3.28 for any explanatory variables, suggesting that the multicollinearity is not a major problem. Although no definitive rules exist for the threshold of VIF, the general approach is that multicollinearity is not a serious problem if the VIF not exceed 5 (Troy, Grove 2008) . A likelihood ratio (lR) test for omitted variables is also conducted. According to lR statistic, the physical state of the building (lR = 9.36, p-value = 0.00 for model M1, and lR = 13.2, pvalue = 0.00 for model M4) and the finishing works (lR = 10.5, p-value = 0.01 for model M1, and lR = 15.6, p-value = 0.00 for model M4) have a significant contribution to explaining the variation in the sale price. Regarding the heteroscedasticity issue, in order to avoid a potential bias in the variance of estimated parameters, has been used the White's heteroskedasticity consistent covariance matrix estimator (White 1980) . The provided results were similar to the reported ones; our variables of interest have significant coefficients.
Empirical results for rental price
For our sample of 468 rental transactions, the average monthly rental price is of 220 Euros, with a standard deviation of 90 Euros. Table 1 indicates the percentage of transactions and average rental price determined for each attribute and category, and also the results from the analysis of variance method. The distribution of rental prices has a positive skew and is strongly platykurtic, therefore into the GlM framework we look at the distributions that take account of this behaviour. The rented flats from the three large cities, located mainly in the intermediate district and urban periphery district areas, and in blocks with less than 5 floors, are predominant.
The descriptive statistics computed for improvement attributes, Thermal, Heating, Finishing, and overall physical conditions PhCond, indicate low percentages for unfinished flats, and for flats located in buildings with inadequate technical state; the majority of flats are equipped with individual boilers. Examining each attribute separately, the F-test from AnOVA rejects the equality of average rental prices among the categories, for all improvement attributes. The rental prices seem not to vary across categories for the following variables: year of transaction, type of the flat (detached/ non-detached) and floor of the flat. The descriptive statistics suggest, as expected, that the rental prices are significantly lower in Arad than in the other three large cities, and that they are significantly higher in the central area.
Following a careful analysis of the significance of coefficients for dummy variables, in the models including all attributes, the variable PhCond was redefined, as indicated in Table 1 . Also, the urban periphery district and suburban areas are considered a single category. The backward selection approach provides the empirical results reported in Table 3 ; almost the same variables were selected regardless of specification, as the attributes with significant effect on rental prices. The set of significant attributes, in addition to the physical state of the building and finishing, includes: the city, location inside the city, number of rooms/ area, existence of a garage, existence of a balcony, generally included also in the hedonic models for sale prices.
We first examine the M1, M2, and M3 models, considering the number of rooms. According to the AIC information criteria the Gamma-log model performs better than the inverse Gaussian-log model. The in-sample performance of these models is almost the same, as suggested by the MAE, and by the R-square coefficient measuring the proportion of the null deviance accounted for by the model. The physical state of the building and finishing variables are significant in all specifications, but have lower effect than on sale prices.
According to the log-linear model, for a very good physical condition of the building there is a willingness to pay a 10.5% higher price, as long as the other attributes are the same. As in the case of the sale price, this attribute seems to incorporate the effect of thermal insulation; when it is removed from the model, the thermal insulation has a significant effect on rental prices (Wald test = 6.55; p-value = 0.01). The finishing level of the flat has a significant but not strong effect on rental prices, as long as this variable remains borderline significant. A superior level of finishing in the flat has a marginal effect on rental prices, triggering a price surge of about 10%. Bala et al. (2014) also conclude that renovated dwellings carry higher monthly rents. Owners are motivated to improve the physical characteristics of properties, in order to rent at higher prices. Tenants are looking for finished flats, to improve their living standards, but are also interested in some improvements that could reduce the cost of utilities. The number of rooms, existence of a balcony, garage, and location have a significant effect on rental prices. The price of two-room flats is higher roughly by 30% than the price of one-room flats. Flats from blocks located in the central area carry a significantly higher rent than those from the urban periphery district and suburban areas, roughly by 26%. The lowest rental rates are in Arad, and the highest in Iasi and Cluj-Napoca; in these two cities the rent does not appear to be significantly different, as also suggested by the Student t-test for equality of two means (t = 1.37; p-value = 0.17). These two cities are important university centres, thus a large part of the demand for rental flats comes from students. Due to the small number of rent transactions in each city these statistics should be viewed as indicative.
When the floor area is considered instead of the number of rooms, usually the MAE and Rsquare indicators show better fit; the continuous variables are richer in information than categorical variables. The empirical results from the loglinear model and Gamma-log model are indicated in Table 3 (model M4 and M5). As the estimated hedonic regressions suggest, one additional square meter of floor area triggers a rental price increase of 1%. The overall physical state of the building and finishing variables still remain significant, at 5% significance level, but the effect of the first variable is slightly lower than in previous specifications.
Overall, both variables, the physical state of the building and finishing works, remain significant regardless the distribution of rental price. The multicollinearity is not an issue as long as no VIF exceeded 3.03. The lR test for omitted variables indicates that the physical state of building (lR = 9.30, p-value = 0.00 for M1, lR = 5.56, p-value = 0.02 for M4), respectively the finishing works (lR = 5.73, p-value = 0.00 for model M1, and lR = 7.85, p-value = 0.00 for model M4) are variables that significantly influence the rental price. using the White' heteroskedasticity robust standard errors, similar results are provided; the variables of interest are still significant.
CONCLUSIONS
This paper examines a specific segment of the Romanian housing market, namely blocks of flats in the urban area. Similarly to other markets from Central and Eastern Europe, the Romanian real estate market inherits some stock of low-quality blocks of flats, with a small living surface and low comfort, undergoing a process of deterioration. We highlight the steps taken by owners and authorities to improve the housing maintenance, and the living standards in these dwellings. This analysis may contribute to a better understanding of the housing market from Romania and from the CEE countries.
The empirical section investigates whether and to what extent the improvements made to the stock of flats have a significant effect on sale and rental prices. As described in Section 2, the total cost of building modernization and finishing works inside the flats, is about 179 Euro/m 2 , without VAT, as an average for flats with one or two rooms. On the other hand, in our sample, the average sale price is 906 Euro/m 2 for flats with very good physical conditions of the building and super-finishing level inside the flats, respectively 717 Euro/m 2 for flats with unsatisfactory physical state of the building and demi-finishing level inside the flats; the difference between these two average prices is 189 Euro/m 2 . Overall, the marginal price and the cost of modernization can be considered as being comparable, taking account of the difficulty of accurately estimating the cost and that average values are involved.
Two hedonic analyses were conducted, one for sale transactions and another one for rental transactions, based on samples of flats from blocks located in four large towns from Romania. Hedonic models are estimated in a GlM framework, which considers the following specifications: the loglinear model, Gamma distribution with log link, and inverse Gaussian distribution with log link. Generally, for our data, the empirical results regarding the marginal prices of the improvements attributes are consistent with these specifications. The traditional log-linear and Gamma-log models provided close results in terms of fit and prediction accuracy. The inverse Gaussian-log models lead to a weaker agreement between the actual and predicted prices. The robustness of empirical results was also investigated from other points of view, namely multicollinearity, omitted variables and heteroscedasticity.
The hedonic models for sale prices suggest that the physical state of the building and finishing works inside the flat have a significant effect on pricing, in all specifications. We can draw some conclusions about the estimates obtained for marginal prices from the log-linear and Gammalog models. The price of flats located in buildings that are classified as very good is higher by 12.7-15.4%, respectively by 5.6-9.1% for buildings that are classified as good, than the price of flats from blocks in unsatisfactory technical conditions. The implicit marginal price for the existence of finishing works varies between 8% and 10%. There is a borderline significance for the existence of an individual boiler heating system, in some models the sale price increasing by about 6%. Given the multiplicative form of the hedonic model, the marginal price for both variables, modernization of the building and finishing works inside the flats, suggested by model M1 is about 26.8% (as 1.154*1.099 = 1.268), as long as all the other attributes remain unchanged.
According to the hedonic models for rental price, the physical state of the building and finishing variables have a significant impact on rent in all specifications, but the effect seems to be lower in some models. For a good physical condition of the building there is a willingness to pay a rental price higher by 8.5-13%. A superior-finishing level in the flats has a significant marginal effect on rental price, leading to an increase of about 11%. The existence of thermal insulation does not have a significant coefficient, but the overall physical state variable seems to incorporate the effect of thermal insulation, both in the sale price and rental price models.
As expected, sale and rental prices are first and foremost influenced by the flat size and location. One additional square meter of floor area leads to an increase of about 1.8% of the sale price, and of 1.0% of the rental price. The marginal effect of floor area on pricing is higher for sale transactions than for rental transactions. The sales price of two-room flats is higher by about 40% than that of one-room flats, while the rental price by merely 30%. The location inside the city also has a significant effect on pricing.
Finally, our findings suggest a common set of significant attributes, both for the sale price models and rental price models: the physical state of the building, finishing level, number of rooms/ area, the city, the location inside the city, existence of a balcony.
The preliminary analysis on housing modernization features and the results provided by the empirical research concerning the effects of modernization attributes of flats and buildings (physical characteristics), as well as of location and other attributes, on sale and rental prices, are useful for valuation companies, valuators and public authorities. At the same time, the implications of these findings should be interpreted in light of a number of limitations. Firstly, a larger sample of real estate transactions could be useful in order to further develop our findings. It would bring added value to include additional attributes in the hedonic pricing models in order to increase the explanatory power of the models. Furthermore, future research could extend the analysis to the sub-markets of the four cities, since each city can have some particularities regarding the effects of housing attributes on the sale and rental prices.
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